Abstract. No single manure treatment system will meet the varied needs of every dairy farm. Farms vary in their resources
Introduction
Odor is one of the major sources of conflict between dairy producers and the general public. There is no low cost, complete and easy way to control odors from manure.
In a state wide survey of dairy farmers in New York State 61%, 42% and 24% of large (>300 animal units), medium (<300 but > 100 animal units) and small farms (<100 animal units) respectively, received complaints about their operations in the past five years. 42% of these complaints were about odors, with roadway spills being the next highest complaint at 26%. In New York State only 48%, 33%, and 13% of the large, medium, and small farms respectively, had more than 60 days of manure storage (Poe) . Farms are completing comprehensive nutrient management plans that require long term storage to avoid spreading manure on saturated ground. The existing manure storage facilities have already produced increased odors. As more farms begin to install and operate storage facilities the complaints and conflicts will increase. With the trends of larger and more concentrated farms, more non-farm rural residents, and more manure storage systems, more farms will experience more problems in dealing with their neighbors over odors.
Objectives
Various treatment systems that reduce or eliminate odor from dairy manure are presented here. General information from farms describing the system, mass and nutrient flows and the costs and management issues of each system are important for dairy producers to understand in order to select the best system for their farm.
Odor report:
To help both the neighbors and the dairy producer evaluate the effect of the treatment system to be installed it is important to gather factual information about the odor coming from the farm. Although measurements of indicator gases such as ammonia and hydrogen sulfide are often done, these gases are often a poor determinate of odor. Ammonia is lighter than air so it will not effect the odor at any distance from the source. There are too many other gases that contribute to the odor from manure for hydrogen sulfide to be a reliable odor indicator. Actual odor unit determinations are quite expensive to obtain.
Using the following odor report that would be available at both the farm and neighboring locations would provide the needed information to determine when and/or if the odor was coming from a particular farm operation and how often it occurred. With this information management decisions could be made to adopt appropriate practices to reduce odor.
Odor Report Number _____ Location ______________
Please complete the information below for the odor event you have experienced. this information will help to identify the odor source and management practices that may reduce it. 
Manure treatment systems
Predicting the amounts and concentrations of the nutrients in these systems is difficult.
Obtaining representative samples and estimating the losses from biological, chemical, and physical processes in these relatively uncontrolled systems can be difficult. The biological reactions are not monitored or controlled and the temperature, precipitation, and evaporation are uncontrolled in uncovered storage facilities. There can be large variations on the nutrient concentrations.
The capitol costs and operating costs also vary greatly from farm to farm. The costs presented here are a combination of actual costs and projected costs for the various treatment systems. Every farm needs to compare their actual coasts with those used in these estimates to get an accurate estimate for the cost on that particular farm. The number of cows on each farm does affect the annual per cow cost. Smaller farms will have a harder time keeping costs per cow low.
Daily Spread systems are the most common manure handling system in New York State with 39%, 46%, and 58% of large, medium, and small dairy farms respectively handling their manure exclusively by daily spreading (Poe) . Fresh manure spread in relatively small amounts in changing locations through out the year doesn't create the odor nuisance that stored partially decomposed manure spread on a large part of the farm creates. There are increased runoff and leaching losses with spreading manure on saturated ground. The operating costs of daily handling of manure can be quite high. The average spreading cost from farms that daily spread in western New York State in one study was $168/cow/year (Wright, 1997) .
Liquid Storage facilities will become more common both for cost savings and nutrient retention achieved by managing a storage system. The potential for catastrophic failure of the storage and the spreading system as well as the odor control problems are the main drawbacks to these systems. As all farms move to store more manure and apply it as close to the growing season as possible these drawbacks will increase. The average spreading and storage cost in one study of dairy farms in western New York State was $54/cow/year. This cost does not include any benefits from nutrient savings that might be achieved by storing the liquids.
Composting has been used on excessively bedded dairy manure, separated dairy manure solids and on the drier manure produced by other animal species to reduce odors (Rynk) . The costs of composting may be offset by sales of the compost. Most dairy manure is too wet initially to compost well. It needs to have a moisture content of less than 75 % to heat up and start composting easily.
Farms with cheap sources of old hay, waste paper, bark, sawdust, or even recycled compost may be able to add enough solids as an amendment to support a composting operation. Charging tipping fees for the material brought in or aggressively marketing the compost produced can add a profitable enterprise to the dairy operation. Figure 1 shows the schematic for a 100 cow composting operation. This type of operation even using covers on the composting windrows to shed moisture would have a difficult time operating year round in New York State. Heavy snowfall and precipitation will keep the compost wet until after the spring marketing season. Runoff from the pad will also be a greater concern as the newly mixed compost may still leach nutrients and pathogens. Keeping the amendment dry will also be a management challenge with this operation. If turning is not done regularly, there may be some odors when the compost is finally turned. Due to the sale of all solids in this scenario there are no nutrients available to spread on fields.
The costs and benefits of a typical composting operation is shown in Table 2 . The payloader to turn the compost is the largest capital cost. Some farms are experimenting with a portable turner that could be shared or rented to reduce this capital cost. The labor to mix and turn the compost is the largest operating cost, with the cost of the amendment needed to reduce the moisture content the next biggest. The farm would benefit if the amendment could be obtained free or with a tipping fee. The sale of the compost is what keeps this manure treatment system at a reasonable cost. If the price of the compost were increased to $10/ cubic yard, then the annual profit per cow would be about $203/cow/year. Biodrying of the manure by recycling dry compost as the amendment in the cow alleys, and using the heat generated in the aerobic decomposition to dry the manure/compost mix with forced air has been proposed (Wright et al 2001) . Odor, volume, weight, and pathogen reduction would occur. The schematic of the proposed operation is shown in Figure 2 . Equipment and skills for solids handling is already available on most farms so adoption could readily occur on many farms. Storage of solids is safer environmentally than liquid storage because of the lower risk of catastrophic failure. The compost material may be marketed as an income source and to move the nutrients off the farm. The management of the drying process will be critical and the costs of the operation may be high. Additional amendment may be required to achieve the drying needed.
Whether composting with passively aerated windrows or using the biodrying process, most of the nitrogen in the ammonia form is lost to the atmosphere. However, by using less amendment and recycling the compost, the concentration of nutrients in the biodrying, as shown in While the annual cost per cow is high for this biodrying treatment method, as shown in Table 4 , the potential benefits include odor control, all weather operation, limited amendment requirements, less runoff potential from the site, and good quality control of the compost produced. If the solids can be sold at $20 per cubic yard the annual profit/cow of this system would be about $60/cow/year. Anaerobic Digestion for methane production can almost completely control odors from manure. It requires dedicated management to run the biological process, the material handling, and the energy utilization. An engine generator run on the methane produced by the digester can typically provide twice the electricity than the dairy operation needs. It helps to have a use for extra heat since as much as 75 % of the energy produced is wasted as heat when using a engine generator to utilize the biogas. Many of the existing systems have a high capital cost and may be dependent on above market prices for electricity sold. Liquid manure of uniform consistency unmixed with runoff should be used as the feed to a digester.
Evaluations using AgSTAR computer programs supplied by USDA, EPA, and the Department of Energy show that it should be economically feasible for farms with 800+ cows to use anaerobic digestion to reduce the odors, while recovering the costs by producing electricity (Jewell 1997) .
Selling the electricity through a utility is a problem. Keeping both the initial capital costs and the operating costs low will be critical to the economic success of this treatment.
The nutrients are not removed by anaerobic digestion as shown in Table 5 . There is a small shift of about 5% of the organic nitrogen to ammonia during digestion. This may be a benefit to crop production if the effluent is applied right away. During storage the ammonia may volatilize. Nutrients (and solids) will tend to settle out of the anaerobic effluent. There may be as much as 5 to 8 times less nutrients in the top layers of the effluent storage compared to the bottom sludge. This explains the seeming lower percentage of nutrients in the material coming from the storage. The plastic lined storage does not have provisions for strong agitation, so the nutrients settling in the bottom may build up. There is a loss of solids in this treatment process resulting in a 2 -3 % increase in the moisture content of the effluent compared to the raw manure entering the system. The increased moisture content makes the liquid effluent very suitable to irrigation. Irrigating low odor liquids in the summer meets environmental constraints while reducing peak labor needs compared to spring application of stored liquid manure. The odor reduction is greatly appreciated by the neighbors.
The plug flow digester on this farm has a 20 day Hydraulic Retention Time (HRT) for 1000 cows. Only 500 cows presently use the digester. The engine generator was purchased used, reducing the initial cost but increasing the maintenance cost. The screw press separator works efficiently with less maintenance on the digested effluent (Wright and Perschke). A separated solids operation as shown in Figure 3 is an additional benefit with this system. A screwpress separator works very well on digested effluent. The capital cost of the digester and engine generator are the largest costs in this system. This farm bought a used engine generator so its costs were less than farms with all new equipment. The sale of the solids is a significant income for this system. The electric income mainly comes from replacing the cost of purchased electricity used on the farm. Because there is no system set up to receive a premium for green power, the surplus electricity produced is sold back to the utility at only their deferred operating expenses. Fixed Film anaerobic digestion utilizes retained microbes to reduce the HRT to 5-10 days instead of the typical 20-25 days (Wilkie) . The microbes are retained on plastic corrugated 4 inch diameter tubes set vertically in the digestion tank. Separated liquid dairy manure will flow from the bottom to the top of the digester. It will be degraded by the large numbers of methanogenic bacteria clinging to the tubes. This reduces the cost of the digester and should allow quicker and less expensive start up, since a smaller volume will need to be heated than with a larger typical digester.
The solids are removed prior to digestion to reduce the loading and to prevent clogging. It is estimated that 30% of the potential gas production is lost as about 25% of the mass is removed through separation of the solids. The solids can be composted and/or dried with the heat from the boiler.
The methane gas will be utilized to heat the digester, provide hot water for the farm, and dry the solids. This system is best used on farms that either have low electric costs or are too small to justify the expense of a generator and electric hook up to the utility, yet want the odor control that anaerobic digestion provides. This system is being installed on a farm with an existing liquid storage as shown in Figure 4 . The producer dislikes his existing system because of the odors produced and the need to empty it in the spring and fall instead of on hay crops during the summer. He can not spread the stored liquid manure on all his fields due to complaints from the neighbors. Fields that have low organic matter can not be improved because the neighbors object to the extreme odors from manure spreading. Some neighbors refuse to rent land to him that is close to his farmstead because of the manure odors, forcing him to travel further from his operation to do fieldwork.
The anticipated mass and nutrient flows, shown in Table 7 ,show a greater preservation of nutrients compared to the stored manure from the previous plug flow digester. This is due to two factors: the concrete storage with it's decreased surface area to volume ratio compared to the earthen storage allows less volatilization of ammonia, and the full agitation they can achieve compared to the plastic lined pit where they limit agitation for fear of damaging the liner. Nutrients won't remain concentrated in the bottom of the concrete storage as it is being emptied. Table 8 shows the costs of the completed fixed film digester system. Although this is a high cost spread over a few cows, this system may be needed to control odors while still using a liquid manure storage facility. The Bion System that uses lagoons as a treatment system has reduced odors on some farms in New York State (Wright and Perschke) . The system consists of shallow ponds (1-2 foot deep) that settle the solids for recovery and potential sale as shown in Figure 5 . Then the liquids go to a faculatative deep pond and are recycled as flush water for the cow alleys. A large land area for the treatment system is needed. Odor control has been good both onsite and during irrigation of the liquids.
This system loses about 25% of the nitrogen to the atmosphere and can catch a lot of extra water on the surface area of the large ponds. The solids from this system typically contain 40% of the nitrogen and 50% of the phosphorous. The liquids typically contain 35% of the nitrogen and the remaining 50% of the phosphorous. Bion systems with the addition of a series of recirculating terraces and overland flow treatment have been used to completely reduce the total nutrients and mass of effluent from a 350 cow dairy with 100 acres of land . Although there is extra expense in the design work and a reduced solid price due to a commission on sales, the system appeals to farms who want the management help of professionals to design and manage the treatment system, and help in marketing their product. The use of flush water recycling to build the population of microbes, the sale of the solids, and the low odor, dilute effluent make this an ideal system for farms that are set up to flush, have a limited land base, and are close to sensitive neighbors. The NC lagoon systems have had some success in using mechanical separation to remove the solids. A small retention pond removes additional solids and then two or more lagoons in series continue to degrade the manure liquids as shown in Figure 6 (Rensch) . Often aerators are added to help break down the liquid manure before recycling back to the barns as flush water. The liquids from the top of the lagoon can be irrigated at a relatively high rate since they are relatively low in nutrients. The more nutrient rich and concentrated material from the bottom of the lagoon can be hauled further from the site and applied at a nutrient loading rate. The solids separated manually can be composted and then used on site for bedding or sold offsite. The nutrient content of the NC system components are shown in Table 11 . The roller press separator seems to work well with the fairly dilute flushed manure. Since the liquids are recycled there is not a large increase in the amount of liquids to be spread. The amount of sludge to be spread will vary depending on how much is removed from the facultative lagoon each year. The low annual costs per cow for this system, as shown in Table 12 , shows the value of economics of scale. By having 1980 cow equivalents large equipment costs can be spread over many cows, keeping per cow costs low. Overall, manure handling and treatment options will have different relative values on farms as shown in Table 13 . Of course every farm is different both in their resources and their goals. This scale is an attempt to compare the systems with each other. For a specific farm, it would have to be reevaluated to reflect actual conditions for that farm. 
Conclusion
• There are advantages and disadvantages to each system that may be more or less important to each farm. Different treatment systems may be better suited to each different farm. Each farm should carefully evaluate their needs and the potential benefits from each manure treatment system. • There are existing treatment systems that work well. Odors are significantly controlled on some systems allowing nutrients to be utilized at the environmentally appropriate time.
• Documentation of the mass and nutrient flows and the design processes are needed for farmers to make decisions. Each different manure handling and treatment system needs to be evaluated for its effect on the nutrients that will be land applied.
• Nutrient utilization and by-product sales are important in reducing the cost of a manure handling system. Marketing the separated solids or other by-products and fully utilizing the nutrients in the manure can help pay for treatment systems. Labor costs and capital costs will vary depending on which system is selected.
• More research is needed not only to develop cost effective manure treatment systems, but also to document their performance with more consistent mass, nutrient, and economic data.
